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(57) ABSTRACT

A display panel includes a first pixel electrode electrically
connected to a first switching electrode, and includes a
plurality of first branches forming micro slits, a second pixel
electrode electrically connected to a second switching elec-
trode, and including a plurality of second branches forming
micro slits, and a third pixel electrode electrically connected
to a third switching electrode, and including a plurality of
third branches forming micro slits. The first branches are
spaced apart from each other by a first space, and have a first
width. The second branches are spaced apart from each other
by a second space, and have a second width. The third
branches are spaced apart from each other by a third space,
and have a third width. At least one of the first width, the
second width and the third width is different from the other
widths.

23 Claims, 17 Drawing Sheets

160h DLI2

HF =1

SWh2
SWi2

£ S




US 9,437,625 B2
Page 2

(56)

U.S. PATENT DOCUMENTS

6,466,288 Bl
6,998,217 B2
2004/0227774 Al*

References Cited

10/2002 Rho
2/2006 Martyniuk et al.
11/2004 Matsumoto

2011/0164198 Al1*

2012/0133854 Al
2013/0021567 Al
2013/0293822 Al*

G09G 3/20 . .
345/690 * cited by examiner

7/2011

5/2012
1/2013
11/2013

ITtoh et al.

Gu et al.

Chung .........

GO2F 1/13624
349/46

GO2F 1/133707
349/144



US 9,437,625 B2

Sheet 1 of 17

Sep. 6, 2016

U.S. Patent

ta
€H aMS ¢H wgw H EMS ﬁ

ad

=
B

19 & a4 -
1 —— | ] =t r i | I— 1 Y

|
|
|

091 ¢l 0S1 11d 43S 0L1 £1d

I "9l4



US 9,437,625 B2

Sheet 2 of 17

Sep. 6, 2016

U.S. Patent

091

A

¢dl 05t

[

308 17d gzl

[

0L €10 HO

[

|

|\

/

1

— 00}

]

1 ]

|
|\ [

L

T 011

L3

[4

f.f”fu

(MMMMM\ g1}

/

| S—

R

—0E}

J d

‘=

N

0cc

2

——0l¢

1002

M

s

IS

M

¢ 9ld

M

€S

= —



U.S. Patent Sep. 6, 2016 Sheet 3 of 17 US 9,437,625 B2

/ 1T—200

L . / 1+—210
~-220

H1 13

SDE~——f—t— 2 150
= S— —
124—t g f—‘\—\ / 122

/——/———F_"f_\\—a—-—\

B A AR WA N 3—110
NIV
I RN I

SE1  GE1 CH1 DEt
SW1




U.S. Patent Sep. 6, 2016 Sheet 4 of 17 US 9,437,625 B2

FIG. 4

m//ﬁ//f/x |
7 \

150

D2
t D4
D
D3
160 /’ ‘\
\\ I/ \\




U.S. Patent Sep. 6, 2016 Sheet 5 of 17

FIG. 7

W22

150\\ﬁ NY
154%

4

US 9,437,625 B2

e __157C
L\ 1572 .
157b
ﬁ1 57d

D2 \
D4 |
D3 :



U.S. Patent Sep. 6, 2016 Sheet 6 of 17 US 9,437,625 B2

FIG. 8

0 T2,

150 \
‘\ \\ 1 563
ﬁ 156b 156
‘ - —is6c
154% __,}/
//
D2
D4 /, S1
D1 ’ Wi P

156a
& s —— 1560 H56
™ " 156c
ﬁ \_T\x//1 56d
|
/
\ ) S1
\ /



U.S. Patent  sep.6 , 2016

FIG. 10

DLh3 170h  DLI3 DLh1150h SDE DLI1DLh2 160h DLI2

SWhZ

7 |

US 9,437,625 B2

>

‘

)

>///x\\\ f

.-

%/éé«%\\\\\\\] 2

o
\

:\\\\\////
,/////\\\\




US 9,437,625 B2

Sheet 8 of 17

Sep. 6, 2016

U.S. Patent

|

¢id vel

R

«

4ost c¢uid Lid

(

[ |

el

[ |

([

Uosl 14IG3AS €110 HO 9¢t

Uolt

(

eutd

“ il

oy e VUM e
] 1 ] 7 ] +—0LL
&/ﬁ“\ ’ xﬂ...lﬂx/ﬁ"\
. L /R [ el
= gy sens—cvmmv-——— d Lol
m zr\lm”
0¢¢
ﬁ 002
as LS €S e
14/ M EM
-" par-t ———
¢d td ed
L 914



US 9,437,625 B2

Sheet 9 of 17

Sep. 6, 2016

U.S. Patent

VAl

eyld

2170 vzL 1094 2410 HITQ 2zl 10SLIUIAHO 3aS€IT0 92 101 _
( ([ [ | (Lot
TNV
= == ==
- e L e /— tu, o | —— {—o0el
Y e
022
+—002
¢s IS €S fm
N;r. ET e
2d Id £d
AN



U.S. Patent Sep. 6, 2016 Sheet 10 of 17 US 9,437,625 B2

13A

FIG.

110 -
100 —t



U.S. Patent Sep. 6, 2016 Sheet 11 of 17 US 9,437,625 B2

/
)

13B

FIG.

\
|
DL1

/
|
DL3

CH

110 —
100 —+



U.S. Patent Sep. 6, 2016 Sheet 12 of 17 US 9,437,625 B2

2
\
DL)Q

13C
jt1 /
)
122

FIG.

=
\
DL)1

/
D(LS

CH

110 —
100 —t



U.S. Patent Sep. 6, 2016 Sheet 13 of 17 US 9,437,625 B2

|
12)4

12

[\
=
)
DL2

13D
it1 ;
)
122

FIG.

1/1'-':1;
\
)
DL1

/
D(L3

CH




U.S. Patent Sep. 6, 2016 Sheet 14 of 17 US 9,437,625 B2

\
12)4

{2 ,

[\
)
DL2

13E
it1
)
122

FIG.

\
|
DL1

)
126

113

CH

o
|/
) D(LS




U.S. Patent Sep. 6, 2016 Sheet 15 of 17 US 9,437,625 B2

\
p)

[N\
£A
)
DL2

13F
\
)
122

FIG.

V S\
!/-1:-'-1:!
)
DL1

|
126

CH

e
|/
) D(LB

130 —
110 —+%
100 —




US 9,437,625 B2

Sheet 16 of 17

Sep. 6, 2016

U.S. Patent

144

091 ¢1d

[ |

acl

0S1

308 +1d

9¢l

omr €10

~ 4 ~

)
| _\

-
|

/ / / / / ob
, 7 ! 7 3 O0LI

) U /H”\\ /....l......l\
/ . : - +—0¢1

e

¢S

M

o€

IS

914

EM

€S



US 9,437,625 B2

Sheet 17 of 17

Sep. 6, 2016

U.S. Patent

¢1d

\

44 0G1

[

our €1d

/

|
/

-
)

T+—001

0L

‘x\;omv

0ce

——01¢

17002

oM

as

IS

M

HEL "914

EM

£S

T ——



US 9,437,625 B2

1
DISPLAY PANEL AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Korean Patent Appli-
cation No. 10-2013-0102500, filed on Aug. 28, 2013, the
disclosure of which is hereby incorporated by reference
herein in its entirety.

1. TECHNICAL FIELD

The present disclosure relates to a display panel and a
method of manufacturing the display panel.

More particularly, the present disclosure relates to a
display panel for a liquid crystal display apparatus and a
method of manufacturing the display panel.

2. DISCUSSION OF THE RELATED ART

Recently, a liquid crystal display apparatus having light
weight and small size has been manufactured. A cathode ray
tube (CRT) display apparatus has been used due to its
performance and competitive price. However, the CRT
display apparatus may have difficulties with regard to its size
or portability. Therefore, the liquid crystal display apparatus
has been highly regarded due to its small size, light weight
and low power consumption.

The liquid crystal display apparatus includes a pixel
electrode, a common electrode facing the pixel electrode,
and a liquid crystal layer disposed between the pixel elec-
trode and the common electrode. A texture may be formed
at a display area on which an image is displayed, so that the
traditional liquid crystal display apparatus may have diffi-
culty with regard to degradation of its display quality due to
the texture.

SUMMARY

Exemplary embodiments of the invention provide a dis-
play panel capable of increasing display quality.

Exemplary embodiments of the invention also provide a
method of manufacturing the display panel.

According to an exemplary embodiment of the invention,
a display panel includes a first data line, a second data line
spaced apart from the first data line, a third data line spaced
apart from the first data line, a first switching electrode
electrically connected to the first data line, a second switch-
ing electrode electrically connected to the second data line,
a third switching electrode electrically connected to the third
data line, a first pixel electrode electrically connected to the
first switching electrode, and including a plurality of first
branches forming micro slits, a second pixel electrode
electrically connected to the second switching electrode, and
including a plurality of second branches forming micro slits,
and a third pixel electrode electrically connected to the third
switching electrode, and including a plurality of third
branches forming micro slits. The first branches are spaced
apart from each other by a first space, and have a first width.
The second branches are spaced apart from each other by a
second space, and have a second width. The third branches
are spaced apart from each other by a third space, and have
a third width. At least one of the first width, the second width
and the third width is different from the other widths.

In an exemplary embodiment, the first width may be
smaller than the second width and the third width.
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In an exemplary embodiment, the second width may be
substantially the same as the third width.

In an exemplary embodiment, a first pitch may be defined
by a sum of the first space and the first width. A second pitch
may be defined by a sum of the second space and the second
width, a third pitch is defined by a sum of the third space and
the third width. The first pitch, the second pitch and the third
pitch may be substantially the same as each other.

In an exemplary embodiment, the first, second and third
pitch may be about 6 pm (micrometer). The first width is
about 3.4 um, and the second and third width may be about
3.5 pm.

In an exemplary embodiment, the first pixel electrode
may include a first stem extending in a first direction and a
second stem crossing the first stem and extending in a
second direction which is substantially perpendicular to the
first direction. The first branches may extend from the first
stem or second stem in a third direction which is different
from the first and second directions. The second pixel
electrode may include a first stem extending the first direc-
tion and a second stem crossing the first stem and extending
in the second direction. The second branches may extend
from the first stem or second stem in the third direction. The
third pixel electrode may include a first stem extending in
the first direction and a second stem crossing the first stem
and extending in the second direction. The third branches
may extend from the first stem or second stem in the third
direction.

In an exemplary embodiment, ends of an adjacent pair of
the first branches may be connected with each other at a
boundary of the first pixel electrode such that the ends of the
adjacent pair of first branches form a closed structure.

In an exemplary embodiment, ends of an adjacent pair of
the first branches at a boundary of the first pixel electrode
may be spaced apart from each other such that the ends of
the adjacent pair of the first branches form an opened
structure.

In an exemplary embodiment, the first branches of the
closed structure adjacent to each other may form an opening.
A side of opening which may be adjacent to the boundary of
the first pixel electrode makes a first angle with a line which
extends along the boundary of the first pixel electrode.

In an exemplary embodiment, the display panel may
further include a first color filter overlapping with the first
pixel electrode and having a first color, a second color filter
overlapping the second pixel electrode and having a second
color different from the first color, and a third color filter
overlapping with the third pixel electrode and having a third
color different from the first and second colors.

In an exemplary embodiment, a boundary of the second
color filter may overlap with a first boundary of the first
color filter. A boundary of the third color filter may overlap
with a second boundary of the first color filter. The second
boundary may be disposed opposite to the first boundary of
the first color filter.

In an exemplary embodiment, the first color of the first
color filter may be red.

In an exemplary embodiment, the first color filter may
have a first thickness. The second color filter may have a
second thickness. The third color filter has a third thickness.
The first thickness may be smaller than the second and third
thickness.

In an exemplary embodiment, the first data line may
include a first high data line and a first low data line, the
second data line comprises a second high data line and a
second low data line, the third data line comprises a third
high data line and a third low data line. The first switching
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element may include a first high switching element electri-
cally connected to the first high data line and a first low
switching element electrically connected to the first low data
line. The second switching element may include a second
high switching element electrically connected to the second
high data line and a second low switching element electri-
cally connected to the second low data line. The third
switching element may include a third high switching ele-
ment electrically connected to the third high data line and a
third low switching element electrically connected to the
third low data line. The first pixel electrode may include a
first high pixel electrode electrically connected to the first
high switching element and a first low pixel electrode
electrically connected to the first low switching element. The
second pixel electrode may include a second high pixel
electrode electrically connected to the second high switching
element and a second low pixel electrode electrically con-
nected to the second low switching element. The third pixel
electrode may include a third high pixel electrode electri-
cally connected to the third high switching element and a
third low pixel electrode electrically connected to the third
low switching element.

In an exemplary embodiment, the display panel may
include a shielding electrode disposed between the first pixel
electrode, the second pixel electrode and the third pixel
electrode, and the shielding electrode may overlap with the
first data line, the second data line and the third data line.

According to another exemplary embodiment of the
invention, a method of manufacturing a display panel
includes forming a first switching element, a second switch-
ing element, and a third switching element on a base
substrate, and forming a first pixel electrode, a second pixel
electrode and a third pixel electrode which are respectively
connected to the first switching element, the second switch-
ing element and the third switching element on the base
substrate on which the first switching element, the second
switching element and the third switching elements are
formed. The first pixel electrode includes a plurality of first
branches having a first width. The first branches are spaced
apart from each other by a first space. The second pixel
electrode includes a plurality of second branches having a
second width. The second branches are spaced apart from
each other by a second space. The third pixel electrode may
include a plurality of third branches having a third width.
The third branches are spaced apart from each other by a
third space.

In an exemplary embodiment, the first width may be
smaller than the second width and the third width.

In an exemplary embodiment, ends of an adjacent pair of
the first branches may be connected with each other at a
boundary of the first pixel electrode such that the ends of the
adjacent pair of the first branches form a closed structure.

In an exemplary embodiment, ends of an adjacent pair of
the first branches at a boundary of the first pixel electrode
may be spaced apart from each other such that the ends of
the adjacent pair of the first branches form an opened
structure.

In an exemplary embodiment, before the forming of the
first pixel electrode, the second pixel electrode, and the third
pixel electrode, the method may further includes forming a
first color filter corresponding to the first pixel electrode on
the base substrate on which the first pixel electrode, the
second pixel electrode, and the third pixel electrode are
formed, and the first color filter has a first color, and forming
a second color filter corresponding to the second pixel
electrode on the base substrate on which the first color filter
is formed, and the second color filter has a second color, and
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forming a third color filter corresponding to the third pixel
electrode on the base substrate on which the first color filter
and the second color filter are formed. The third color filter
has a second color.

In an exemplary embodiment, a boundary of the second
color filter may overlap with a first boundary of the first
color filter. A boundary of the third color filter may overlap
with a second boundary of the first color filter. The second
boundary may be disposed opposite to the first boundary of
the first color filter.

In an exemplary embodiment, the first color filter may
have a first thickness. The second color filter may have a
second thickness. The third color filter may have a third
thickness. The first thickness may be smaller than the second
thickness and the third thickness.

In accordance with an exemplary embodiment, a display
panel is provided. The display panel includes a first data line,
a second data line spaced apart from the first data line, a third
data line spaced apart from the first data line, a first
switching electrode electrically connected to the first data
line, a second switching electrode electrically connected to
the second data line, a third switching electrode electrically
connected to the third data line, a first pixel electrode
electrically connected to the first switching electrode, and
including a plurality of first branches forming micro slits, in
which the first branches include a first sub-branch and a
second sub-branch connected to each other at a boundary of
the first pixel electrode such that a first opening is defined
between the first sub-branch and the second sub-branch and
in which a side of the first opening which is adjacent to the
boundary of the first pixel electrode makes a first angle with
a line extending along the boundary of the first pixel
electrode, and in which the first sub-branches and the second
sub-branches of the first branches of the first pixel electrode
are spaced apart from adjacent first and second sub-branches
of the first pixel electrode by a first space, and have a first
width.

In addition, the display panel further includes a second
pixel electrode electrically connected to the second switch-
ing electrode, and includes a plurality of second branches
forming micro slits, in which the second branches include a
first sub-branch and a second sub-branch connected to each
other at a boundary of the second pixel electrode such that
a second opening is defined between the first sub-branch and
the second sub-branch and in which a side of the second
opening which is adjacent to the boundary of the second
pixel electrode makes a second angle with a line extending
along the boundary of the second pixel electrode, and in
which the first sub-branches and the second sub-branches of
the second branches of the second pixel electrode are spaced
apart from adjacent first and second sub-branches of the
second pixel electrode by a second space, and have a second
width.

Also, the display panel further includes a third pixel
electrode electrically connected to the third switching elec-
trode, and including a plurality of third branches forming
micro slits, in which the third branches include a first
sub-branch and a second sub-branch connected to each other
at a boundary of the third pixel electrode such that a third
opening is defined between the first sub-branch and the
second sub-branch and in which a side of the third opening
which is adjacent to the boundary of the third pixel electrode
makes a third angle with a line extending along the boundary
of the third pixel electrode, and in which the first sub-
branches and the second sub-branches of the third branches
of the third pixel electrode are spaced apart from adjacent
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first and second sub-branches of the third pixel electrode by
a third space, and have a third width.

At least one of the first width, the second width and the
third width is different from the other widths.

According to the exemplary embodiments of the present
invention, a display panel includes a first pixel electrode
including branches having a first width, a second pixel
electrode including branches having a second width, and a
third pixel electrode including branches having a third
width. The first width is smaller than the second width or the
third width, so that a texture formed at the boundary of the
first pixel electrode may be decreased. Thus, the display
quality of the display panel may be increased.

In addition, the display panel includes a first color filter
corresponding to the first pixel electrode, a second color
filter corresponding to the second pixel electrode and a third
color filter corresponding to the third pixel electrode. The
first width of the first pixel electrode is smaller than the
second width or the third width, so that a texture formed at
the boundary of the first pixel electrode may be decreased.
Thus, the display quality of the display panel may be
increased.

In addition, a boundary shape of the first pixel electrode,
the second pixel electrode and the third pixel electrode has
open or closed structure, so that a texture at the display area
of the display panel may be decreased. Thus, the display
quality of the display panel may be increased.

In addition, the first pixel electrode, the second pixel
electrode and the third pixel electrode include a sloped side
having a first angle at a boundary of the pixel electrode, so
that a texture at the display area of the display panel may be
decreased. Thus, the display quality of the display panel may
be increased.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the invention can be under-
stood in more detail from the following detailed description
taken in conjunction with the accompanying drawings, in
which:

FIG. 11is a plan view illustrating a display panel according
to an exemplary embodiment of the invention;

FIG. 2 is a cross-sectional view taken along a line I-I' of
FIG. 1,

FIG. 3 is a cross-sectional view taken along a line II-IF of
FIG. 1,

FIG. 4 is a partial enlarged view illustrating a first pixel
electrode of the display panel of FIG. 1;

FIG. 5 is a partial enlarged view illustrating a second pixel
electrode of the display panel of FIG. 1;

FIG. 6 is a partial enlarged view illustrating a first pixel
electrode of a display panel according to an exemplary
embodiment of the invention;

FIG. 7 is a partial enlarged view illustrating a first pixel
electrode of a display panel according to an exemplary
embodiment of the invention;

FIG. 8 is a partial enlarged view illustrating a first pixel
electrode of a display panel according to an exemplary
embodiment of the invention;

FIG. 9 is a partial enlarged view illustrating a first pixel
electrode of a display panel according to an exemplary
embodiment of the invention;

FIG. 10 is a plan view illustrating a display panel accord-
ing to an exemplary embodiment of the invention;

FIG. 11 is a cross-sectional view taken along a line of
FIG. 10;
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6
FIG. 12 is a cross-sectional view taken along a line IV-IV'
of FIG. 10; and
FIGS. 13A to 13H are cross-sectional views illustrating a
method of manufacturing the display panel of FIG. 1.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Hereinafter, exemplary embodiments of the invention will
be explained in detail with reference to the accompanying
drawings.

FIG. 1is a plan view illustrating a display panel according
to an exemplary embodiment of the invention. The display
panel includes, for example, a plurality of unit pixels, and
one of the unit pixels including first to third pixels is
described in the figure.

Referring to FIG. 1, a display panel includes, for example,
a gate line GL, a first data line DL1, a second data line DL.2,
a third data line DL3, a first switching element SW1, a
second switching element SW2, a third switching element
SW3, a first pixel electrode 150, a second pixel electrode
160, a third pixel electrode 170 and a shielding electrode
SDE.

The gate line GL extends, for example, in a first direction
D1. The gate line GL is electrically connected to a first gate
electrode of the first switching element SW1, a second gate
electrode of the second switching element SW2 and a third
gate electrode of the third switching element SW3. A gate
signal is applied to the gate line GL.

The first data line DL1 extends, for example, in a second
direction D2 which is substantially perpendicular to the first
direction D1. The first data line DL1 crosses the gate line
GL. The first data line DL1 is electrically connected to a first
source electrode of the first switching element SW1. A first
data signal is applied to the first data line DL1.

The second data line DL2 extends, for example, in the
second direction D2, and is spaced apart from the first data
line DL1. The second data line DL2 crosses the gate line GL.
The second data line DL2 is electrically connected to a
second source electrode of the second switching element
SW2. A second data signal is applied to the second data line
DL2.

The third data line DL3 extends, for example, in the
second direction D2, and is spaced apart from the first data
line DL1. The third data line DL3 crosses the gate line GL.
The third data line DL3 is electrically connected to a third
source electrode of the third switching element SW3. The
third data line DL3 is, for example, disposed opposite to the
second data line DL2 with reference to the first data line
DL1. A third data signal is applied to the third data line DL3.

The first switching element SW1 includes, for example,
the first gate electrode, a first source electrode, a first drain
electrode and a first channel layer. The first gate electrode is
electrically connected to the gate line GL. The first source
electrode is electrically connected to the first data line DL.1.
The first drain electrode is electrically connected to the first
pixel electrode 150 through a first contact hole HI1. A
detailed explanation about the first switching element SW1
will be mentioned in connection with FIG. 3.

The second switching element SW2 includes, for
example, the second gate electrode, a second source elec-
trode, a second drain electrode and a second channel layer.
The second gate electrode is electrically connected to the
gate line GL. The second source electrode is electrically
connected to the second data line DL2. The second drain
electrode is electrically connected to the second pixel elec-
trode 160 through a second contact hole H2.
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The third switching element SW3 includes, for example,
the third gate electrode, a third source electrode, a third drain
electrode and a third channel layer. The third gate electrode
is electrically connected to the gate line GL. The third source
electrode is electrically connected to the third data line DL3.
The third drain electrode is electrically connected to the
third pixel electrode 170 through a third contact hole H3.

The first pixel electrode 150 is disposed adjacent to the
gate line GL, and disposed between the first data line DL.1
and the second data line DL2. The first pixel electrode 150
includes, for example, a plurality of branches forming a
micro-slit pattern. A detailed explanation about the first pixel
electrode 150 will be mentioned in connection with FIG. 4.

The second pixel electrode 160 is disposed adjacent to the
gate line GL, and disposed between the second data line
DL2 and a third data line DL3 of an adjacent unit pixel in
the second direction D2. The second pixel electrode 160
includes, for example, a plurality of branches forming a
micro-slit pattern. A detailed explanation about the second
pixel electrode 160 will be mentioned in connection with
FIG. 5.

The third pixel electrode 170 is disposed adjacent to the
gate line GL, and disposed between the second data line
DL2 and the third data line DL3. The third pixel electrode
170 includes, for example, a plurality of branches forming a
micro-slit pattern. The third pixel electrode 170 is substan-
tially the same as the second pixel electrode 160, so that a
detailed explanation about the third pixel electrode 170 will
be mentioned referring to FIG. 5.

The shielding electrode SDE extends, for example, in the
second direction D2, and overlaps the first to third data lines
DL1, DL2 and DL3. A shielding voltage is applied to the
shielding electrode SDE. For example, a common voltage
which is applied to a common electrode (e.g., refers to 220
of FIG. 2) may be applied to the shielding electrode SDE.

FIG. 2 is a cross-sectional view taken along a line I-I' of
FIG. 1. FIG. 3 is a cross-sectional view taken along a line
II-IF of FIG. 1. Although the figures illustrate a portion
corresponding to a first switching element (e.g., refers to
SW1 of FIG. 1), portions corresponding to second and third
switching element (e.g., refers to SW2, SW3 of FIG. 1) may
be substantially the same.

Referring to FIGS. 2 and 3, a display panel includes, for
example, a first substrate, a second substrate facing the first
substrate, and a liquid crystal layer 3 disposed between the
first and second substrate.

The first substrate includes, for example, a first base
substrate 100, a gate pattern, a first insulation layer 110, a
channel layer CH, a data pattern, a first color filter 122, a
second color filter 124, a third color filter 126, a second
insulation layer 130, a first pixel electrode 150, a second
pixel electrode 160, a third pixel electrode 170 and a
shielding electrode SDE.

The first base substrate 100 may include, for example, a
material which has relatively high transmittance, thermal
resistance, and chemical resistance. For example, the first
base substrate 100 may include any one selected from the
group consisting of glass, quartz, or plastic. Further, in an
embodiment, the first base substrate 100 may be, for
example, a flexible substrate. Suitable materials for the
flexible substrate include, for example, polyethylenenaph-
thalate, polyethylene terephthalate, polyacryl, polyimide,
polyethersulfone, polyvinyl chloride, and a mixture thereof.

The gate pattern is disposed on the first base substrate
100. The gate pattern includes, for example, a gate line (e.g.,
refers to GL of FIG. 1), a first gate electrode GE1, a second
gate electrode and a third gate electrode.
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The first insulation layer 110 is disposed on the first base
substrate 100 on which the gate pattern is disposed. The first
insulation layer 110 covers and insulates the gate line, the
first gate electrode GE1, the second gate electrode and the
third gate electrode.

The channel layer CH is disposed on the first insulation
layer 110. The channel layer CH includes, for example, a
first channel portion CH1, a second channel portion and a
third channel portion. The first channel portion CH1 over-
laps, for example, the first gate electrode GE1. The second
channel portion overlaps, for example, the second gate
electrode. The third channel portion overlaps, for example,
the third gate electrode.

The data pattern is disposed on the channel layer CH. The
data pattern includes, for example, a first drain electrode
DEL1, a first source electrode SE1, a second drain electrode,
a second source electrode, a third drain electrode, a third
source electrode, a first data line DL1, a second data line
DL2, and a third data line DL3.

The first gate electrode GE1, the first drain electrode DE1,
the first source electrode SE1 and the first channel portion
CH1 compose a first switching element SW1. The second
gate electrode, the second drain electrode, the second source
electrode and the second channel portion compose a second
switching element (e.g., refers to SW2 of FIG. 1). The third
gate electrode, the third drain electrode, the third source
electrode and the third channel portion compose a third
switching element (e.g., refers to SW3 of FIG. 1).

The first color filter 122 is disposed on the first insulation
layer 110, and between the first data line DL.1 and the second
data line DL.2. The first color filter 122 supplies colors to the
light passing through the liquid crystal layer 3. The first
color filter 122 may have a first color. For example, the first
color filter 122 may be a red color filter which passes a red
light. The first color filter 122 has a first thickness t1.

The second color filter 124 is disposed on the first
insulation layer 110 on which the first color filter 122 is
disposed, and between the second data line DL.2 and a third
data line DL3 of an adjacent pixel in a first direction (e.g.,
refers to D1 of FIG. 1). The second color filter 124 supplies
colors to the light passing through the liquid crystal layer 3.
The second color filter 124 may have a second color. For
example, the second color filter 124 may be a green color
filter which passes a green light. The second color filter 124
has a second thickness t2.

A boundary of the first color filter 122 and a boundary of
the second color filter 124, for example, overlap each other
on the second data line DL2. Thus, the first color filter 122
partially overlaps the second data line DL2. The second
color filter 124 is disposed on the second data line DL.2 and
the first color filter 122, so that the second color filter 124,
for example, partially overlaps the second data line DI.2 and
the first color filter 122.

The third color filter 126 is disposed on the first insulation
layer 110 on which the first and second color filters 122 and
124 are disposed, and between the first data line DL1 and the
third data line DL3. The third color filter 126 supplies colors
to the light passing through the liquid crystal layer 3. The
third color filter 126 may have a third color. For example, the
third color filter 126 may be a blue color filter which passes
a blue light. The third color filter 126 has a third thickness
3.

A boundary of the third color filter 126 and a boundary of
the first color filter 122, for example, overlap each other on
the first data line DL1. Thus, the first color filter 122, for
example, partially overlaps the first data line DL1. The third
color filter 126 is disposed on the first data line DL.1 and the
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first color filter 122, so that the third color filter 126, for
example, partially overlaps the first data line DL.1 and the
first color filter 122.

The first thickness t1, the second thickness t2, and the
third thickness t3 may be same each other or different from
each other according to a manufacturing process of the color
filters. For example, the first thickness t1 may be smaller
than the second and third thickness t2 and t3.

The second insulation layer 130 is disposed on the first to
third color filters 122, 124 and 126. The second insulation
layer 130 flattens, protects and insulates the first to third
color filters 122, 124 and 126.

The first pixel electrode 150 is disposed on the second
insulation layer 130, and is electrically connected to the first
drain electrode DE1 of the first switching element SW1. The
first pixel electrode 150 may include, for example, a trans-
parent conductive material, such as indium tin oxide (ITO),
indium zinc oxide (IZO), aluminum doped zinc oxide
(AZO), cadmium zinc oxide (CZO) or amorphous indium
tin oxide (a-ITO). The first pixel electrode 150 includes, for
example, first and second stems, and branches (refers to FIG.
4). The branches of the first pixel electrode 150 form a micro
slit structure. The branch of the first pixel electrode 150 is
spaced apart from an adjacent branch by a first space S1, and
has a first width W1. Thus, the branches have, for example,
a first pitch P1 (P1=W1+8S1).

The second pixel electrode 160 is disposed on the second
insulation layer 130, and is electrically connected to the
second drain electrode of the second switching element
SW2. The second pixel electrode 160 may include, for
example, a transparent conductive material, such as indium
tin oxide (ITO), indium zinc oxide (IZO), aluminum doped
zinc oxide (AZO), cadmium zinc oxide (CZO) or amor-
phous indium tin oxide (a-1TO). The second pixel electrode
160 includes, for example, first and second stems, and
branches (e.g., refers to FIG. 5). The branches of the second
pixel electrode 160 form, for example, a micro slit structure.
The branch of the second pixel electrode 160 is spaced apart
from an adjacent branch by a second space S2, and has a
second width W2. Thus, the branches have, for example, a
second pitch P2 (P2=W2+S2).

The third pixel electrode 170 is disposed on the second
insulation layer 130, and is electrically connected to the third
drain electrode of the third switching electrode. The third
pixel electrode 170 may include, for example, a transparent
conductive material, such as indium tin oxide (ITO), indium
zinc oxide (IZO), aluminum doped zinc oxide (AZO),
cadmium zinc oxide (CZO) or amorphous indium tin oxide
(a-ITO). The third pixel electrode 170 includes, for example,
first and second stems, and branches (e.g., refers to FIG. 5).
The branches of the third pixel electrode 170 form, for
example, a micro slit structure. The branch of the third pixel
electrode 170 is spaced apart from an adjacent branch by a
third space S3, and has a third width W3. Thus, the branches
have, for example, a third pitch P3 (P3=W3+S3).

The shielding electrode SDE is disposed on the second
insulation layer 130. The shielding electrode SDE, for
example, overlaps the first to third data lines DL1, DL.2 and
DL3. The shielding electrode SDE and the first to third pixel
electrodes 150, 160 and 170 may be formed from, for
example, the same material as each other. Thus, the shield-
ing electrode SDE may include, for example, a transparent
conductive material, such as indium tin oxide (ITO), indium
zinc oxide (IZO), aluminum doped zinc oxide (AZO),
cadmium zinc oxide (CZO) or amorphous indium tin oxide
(a-ITO).
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The second substrate includes, for example, a second base
substrate 200, a black matrix BM, an over-coating layer 210
and a common electrode 220.

The second base substrate 200 may include, for example,
a material which has relatively high transmittance, thermal
resistance, and chemical resistance. For example, the second
base substrate 200 may include any one selected from the
group consisting of glass, quartz, or plastic. Further, in an
embodiment, the second base substrate 200 may be, for
example, a flexible substrate. Suitable materials for the
flexible substrate include, for example, polyethylenenaph-
thalate, polyethylene terephthalate, polyacryl, polyimide,
polyethersulfone, polyvinyl chloride, and a mixture thereof.

The black matrix BM is disposed on, for example, the
second base substrate 200. The black matrix BM includes a
light blocking martial. The black matrix BM may be dis-
posed, for example, in a peripheral area adjacent to a display
area on which an image is disposed. Thus, the black matrix
BM may, for example, overlap the first to third switching
elements SW1, SW2 and SW3, the gate line GL, and the first
to third data lines DL1, DL2 and DL3.

The over-coating layer 210 is disposed on the second base
substrate 200 on which the black matrix BM is disposed. The
over-coating layer 210 protects black matrix BM. The
over-coating layer 210 may include, for example, an organic
material. For example, in an embodiment, the over-coating
layer 210 may include an acrylic-epoxy material

The common electrode 220 is disposed on the over-
coating layer 210. The common electrode 220 may include,
for example, a transparent conductive material, such as
indium tin oxide (ITO), indium zinc oxide (IZO) aluminum
doped zinc oxide (AZO), cadmium zinc oxide (CZO), or
amorphous indium tin oxide (a-1TO).

The liquid crystal layer 3 is disposed between the first
substrate and the second substrate. The liquid crystal layer 3
includes liquid crystal molecules having optical anisotropy.
The liquid crystal molecules are driven by an electric field,
so that an image is displayed by passing or blocking light
through the liquid crystal layer 3.

FIG. 4 is a partial enlarged view illustrating a first pixel
electrode of the display panel of FIG. 1.

Referring to FIGS. 1 and 4, a first pixel electrode 150
includes, for example, a first stem 152, a second stem 154
and a plurality of branches 156 extending from the first stem
152 or the second stem 154.

The first stem 152 extends, for example, in a first direction
D1. The second stem 154 extends, for example, in a second
direction D2 which is substantially perpendicular to the first
direction D1, and crosses the first stem 152. The first stem
152 and the second stem 154 may, for example, pass the
center of the first pixel electrode 150, so that the first stem
152 and the second stem 154 divide the first pixel electrode
150 into four domains which have the same area as each
other. Each of the domains has, for example, a plurality of
branches 156 extending from the first stem 152 or the second
stem 154. The branches 156 may, for example, be extended
in different directions in each of the domains. The branches
156 form, for example, a micro slit structure.

Referring again to FIG. 4, the branches 156 extend, for
example, in a third direction D3 from the first stem 152 or
the second stem 154. The third direction D3 is, for example,
different form the first and second directions D1 and D2. The
branch 156 is spaced apart from an adjacent branch 156 by
a first space S1. The branch 156 has a first width W1. Thus,
the branches 156 have, for example, a first pitch P1
(P1=W1+S1). (e.g., refers to a fourth direction D4 perpen-
dicular to the third direction D3.)
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For example, ends of the branches 156 at a boundary of
the first pixel electrode 150 are spaced apart each other, so
that the ends of the branches 156 have an open structure.

FIG. 5 is a partial enlarged view illustrating a second pixel
electrode of the display panel of FIG. 1.

Referring to FIGS. 1 and 5, a second pixel electrode 160
includes, for example, a first stem 162, a second stem 164
and a plurality of branches 166 extending from the first stem
162 or the second stem 164.

The first stem 162 extends, for example, in a first direction
D1. The second stem 164 extends, for example, in a second
direction D2 which is substantially perpendicular to the first
direction D1, and crosses the first stem 162. The first stem
162 and the second stem 164 may, for example, pass the
center of the second pixel electrode 160, so that the first stem
162 and the second stem 164 divide the second pixel
electrode 160 into four domains which have the same area
as each other. Each of the domains has, for example, a
plurality of branches 166 extending from the first stem 162
or the second stem 164. The branches 166 may be extended,
for example, in different directions in each of the domains.
The branches 166 form, for example, a micro slit structure.

Referring again to FIG. 5, the branches 166 extend, for
example, in a third direction D3 from the first stem 162 or
the second stem 164. The third direction D3 is, for example,
different from the first and second directions D1 and D2. The
branch 166 is spaced apart from an adjacent branch 166 by
a second space S2. The branch 166 has a second width W2.
Thus, the branches 266 have, for example, a second pitch P2
(P2=W2+S2). (e.g., refers to a fourth direction D4 perpen-
dicular to the third direction D3.)

For example, ends of the branches 166 at a boundary of
the second pixel electrode 160 are spaced apart each other,
so that the ends of the branches 166 have an open structure.

The third pixel electrode 170 includes, for example, a first
stem, a second stem, and a plurality of branches. The third
pixel electrode 170 is, for example, substantially the same as
the second pixel electrode 160. The branches of the third
pixel electrode 170 have, for example, a third pitch (refers
to P3 of FIG. 2), a third width (e.g., refers to W3 of FIG. 2)
and a third space (e.g., refers to S3 of FIG. 2).

The first pitch P1 of the branches 156 of the first pixel
electrode 150 may be, for example, the same as the second
pitch P2 of the branches 166 of the second pixel electrode
160. In addition, the second pitch P2 of the branches 166 of
the second pixel electrode 160 may be, for example, the
same as the third pitch P3 of the branches the third pixel
electrode 170.

For example, the first pitch P1, the second pitch P2 and
the third pitch P3 may be about 6 pm (micrometer).

The first width W1 of the branches 156 of the first pixel
electrode 150 may be, for example, smaller than the second
width W2 of the branches 166 of the second pixel electrode
160. In addition, the first width W1 of the branches 156 of
the first pixel electrode 150 may be smaller than third width
W3 of the branches of the third pixel electrode 170.

For example, the first width W1 may be about 3.4 um
(micrometer), and the second and third widths W2 and W3
may be about 3.5 pm (micrometer).

The first space S1 of the branches 156 of the first pixel
electrode 150 may be, for example, larger than the second
space S2 of the branches 166 of the second pixel electrode
160. In addition, the first space S1 of the branches 156 of the
first pixel electrode 150 may be, for example, larger than
third space S3 of the branches of the third pixel electrode
170.
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For example, the first space S1 may be about 2.6 um
(micrometer), and the second and third spaces S2 and S3
may be about 2.5 um (micrometer).

Accordingly, the first width W1 of the branches 156 of the
first pixel electrode 150 may be, for example, smaller than
the second width W2 ofthe branches 166 of the second pixel
electrode 160 and/or the third width W3 of the branches of
the third pixel electrode 170. Thus, a texture only formed in
the first pixel electrode 150 may be controlled with mini-
mizing decrease of transmittance. The second width W2 of
the second pixel electrode 160 and the third width W3 of the
third pixel electrode 170 are, for example, larger than the
first width W1 of the first pixel electrode 150, so that
transmittance of the second and third pixel electrodes 160
and 170 may not be decreased.

FIG. 6 is a partial enlarged view illustrating a first pixel
electrode of a display panel according to an exemplary
embodiment of the invention.

Referring to FIGS. 1 and 6, a first pixel electrode 150
includes, for example, a first stem 152, a second stem 154
and a plurality of branches 156 extending from the first stem
152 or the second stem 154.

The first stem 152 extends, for example, in a first direction
D1. The second stem 154 extends, for example, in a second
direction D2 which is substantially perpendicular to the first
direction D1, and crosses the first stem 152. The first stem
152 and the second stem 154 may, for example, pass the
center of the first pixel electrode 150, so that the first stem
152 and the second stem 154 divide the first pixel electrode
150 into four domains which have the same area as each
other. Each of the domains has, for example, a plurality of
branches extending from the first stem 152 or the second
stem 154. The branches 156 may be extended, for example,
in different directions in each of the domains. The branches
156 form, for example, a micro slit structure.

Referring again to FIG. 6, the branches 156 extend, for
example, in a third direction D3 from the first stem 152 or
the second stem 154. The third direction D3 is, for example,
different form the first and second directions D1 and D2. The
branch 156 is spaced apart from an adjacent branch 156 by
a first space S1. The branch 156 has a first width W1. Thus,
the branches have, for example, a first pitch P1 (P1=W1+
S1). (e.g., refers to a fourth direction D4 perpendicular to the
third direction D3.)

For example, ends of the branches 156 at a boundary of
the first pixel electrode 150 are connected to each other, so
that the ends of the branches 156 form a closed structure.
Thus, the branches 156 form a plurality of openings 157.
The openings 157 include, for example, a first and second
sides 157a and 1575 contacting with adjacent branches 156,
athird side 157¢ adjacent to the first or second stems 152 and
154, and a fourth side 1574 adjacent to a boundary of the
first pixel electrode 150. The fourth side 1574 forms, for
example, a first angle o with a line extending along the
boundary of the first pixel electrode 150.

Thus, a slope is formed at the boundary of the openings
of the first pixel electrode 150, and a texture formed at the
boundary of the first pixel electrode 150 may be decreased.

The second pixel electrode (e.g., refers to 160 of FIG. 1)
is, for example, substantially the same as the first pixel
electrode 150, except that branches 166 have a second pitch
(e.g., refers to P2 of FIG. 2), a second width (e.g., refers to
W2 of FIG. 2), and a second space (e.g., refers to S2 of FIG.
2). Thus, any further detailed descriptions concerning the
same elements will be omitted.

The third pixel electrode (e.g., refers to 170 of FIG. 1) is,
for example, substantially the same as the first pixel elec-
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trode 150, except that branches of the third pixel electrode
have a third pitch (e.g., refers to P3 of FIG. 2), a third width
(e.g., refers to W3 of FIG. 2), and a third space (e.g., refers
to S3 of FIG. 2). Thus, any further detailed descriptions
concerning the same elements will be omitted.

The first pitch P1 of the branches 156 of the first pixel
electrode 150 may be, for example, substantially the same as
the second pitch P2 of the second pixel electrode 160. In
addition, the second pitch P2 of the branches 166 of the
second pixel electrode 160 may be, for example, substan-
tially the same as the third pitch P3 of the branches of the
third pixel electrode 170.

The first width W1 of the branches 156 of the first pixel
electrode 150 may be, for example, smaller than the second
width W2 of the branches 166 of the second pixel electrode
160. In addition, the first width W1 of the branches 156 of
the first pixel electrode 150 may be, for example, smaller
than the third width W3 of the branches of the third pixel
electrode 170.

The first space S1 of the branches 156 of the first pixel
electrode 150 may be, for example, larger than the second
space S2 of the branches 166 of the second pixel electrode
160. In addition, the first space S1 of the branches 156 of the
first pixel electrode 150 may be, for example, larger than the
third space S3 of the branches of the third pixel electrode
170.

FIG. 7 is a partial enlarged view illustrating a first pixel
electrode of a display panel according to an exemplary
embodiment of the invention.

Referring to FIG. 7, the first pixel electrode 150 is, for
example, substantially the same as a first pixels electrode of
FIG. 6, except for the first and second sub-branches 1564
and 1564. Thus, any further detailed descriptions concerning
the same elements will be briefly described or omitted.

The first pixel electrode 150 includes, for example, a first
stem 152, a second stem 154, and a plurality of branches 156
extending from the first stem 152 or the second stem 154.

The first stem 152 extends, for example, in a first direction
D1. The second stem 154 extends, for example, in a second
direction D2 which is substantially perpendicular to the first
direction D1, and crosses the first stem 152. The first stem
152 and the second stem 154 may, for example, pass the
center of the first pixel electrode 150, so that the first stem
152 and the second stem 154 divide the first pixel electrode
150 into four domains which have the same area as each
other. Each of the domains has, for example, a plurality of
branches 156 extending from the first stem 152 or the second
stem 154. The branches 156 may be extended, for example,
in different directions in each of the domains. The branches
form, for example, a micro slit structure.

Referring again to FIG. 7, the branches 156 extend, for
example, in a third direction D3 from the first stem 152 or
the second stem 154. The third direction D3 is, for example,
different from the first and second directions D1 and D2.

Each of the branches 156 includes, for example, a first
sub-branch 156a and a second sub-branch 15654. The first
sub-branch 1564 extends, for example, in the third direction
D3 from the first stem 152 or the second stem 154. The
second sub-branch 1565 extends, for example, in the third
direction D3 from the first stem 152 or the second stem 154.
The first sub-branch 1564 and the second sub-branch 1565
are connected to each other at a boundary of the first pixel
electrode 150. Thus, an opening is formed between the first
sub-branch 1564 and the second sub-branch 1565b. A side of
the opening which is adjacent to the boundary of the first
pixel electrode 150 makes, for example, a first angle (e.g.,
refers o of FIG. 6) with a line extending along the boundary.
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Each of the first and second sub-branches 1564 and 1565
are spaced apart from adjacent first or second sub-branches
156a and 1565 by a first space S1. The first and second
sub-branches 156a and 1565 have a first width W1. Thus,
the first and second sub-branches 156a and 1565 have, for
example, a first pitch P1 (P1=W1+S1). (e.g., refers to a
fourth direction D4 perpendicular to the third direction D3.)

The second pixel electrode (e.g., refers to 160 of FIG. 1)
is, for example, substantially the same as the first pixel
electrode 150, except that the first and second sub-branches
156a and 1565 have a second pitch, a second width, and a
second space. Thus, any further detailed descriptions con-
cerning the same elements will be omitted.

The third pixel electrode (e.g., refers to 170 of FIG. 1) is,
for example, substantially the same as the first pixel elec-
trode 150, except that the first and second sub-branches 156a
and 1565 have a third pitch, a third width, and a third space.
Thus, any further detailed descriptions concerning the same
elements will be omitted.

The first pitch P1 of the first and second sub-branches
156a and 1564 of the first pixel electrode 150 may be, for
example, substantially the same as the second pitch of the
first and second sub-branches of the second pixel electrode
160. In addition, the second pitch of the first and second
sub-branches of the second pixel electrode 160 may be, for
example, substantially the same as the third pitch of the first
and second sub-branches of the third pixel electrode 170.

The first width W1 of the first and second sub-branches
156a and 1564 of the first pixel electrode 150 may be, for
example, substantially the same as the second width of the
first and second sub-branches of the second pixel electrode
160. In addition, the first width W1 of the first and second
sub-branches 1564 and 1565 of the first pixel electrode 150
may be, for example, smaller than the third width of the first
and second sub-branches of the third pixel electrode 170.

The first space S1 of the first and second sub-branches
156a and 1564 of the first pixel electrode 150 may be, for
example, larger than the second space of the first and second
sub-branches of the second pixel electrode 160. In addition,
the first space S1 of the first and second sub-branches 156a
and 15656 of the first pixel electrode 150 may be, for
example, larger than the third space of the first and second
sub-branches of the third pixel electrode 170.

FIG. 8 is a partial enlarged view illustrating a first pixel
electrode of a display panel according to an exemplary
embodiment of the invention.

Referring to FIG. 8, the first pixel electrode 150 is, for
example, substantially the same as the first pixel electrode of
FIG. 7, except that a branch 156 includes first to third
sub-branches 156a to 156c¢. Thus, any further detailed
descriptions concerning the same elements will be omitted.

The first pixel electrode 150 includes, for example, a first
stem 152, a second stem 154, and a plurality of branches 156
extending from the first stem 152 or the second stem 154.

The first stem 152 extends, for example, in a first direction
D1. The second stem 154 extends, for example, in a second
direction D2 which is substantially perpendicular to the first
direction D1, and crosses the first stem 152. The first stem
152 and the second stem 154 may, for example, pass the
center of the first pixel electrode 150, so that the first stem
152 and the second stem 154 divide the first pixel electrode
150 into four domains which have the same area. Each of the
domains has, for example, a plurality of branches 156
extending from the first stem 152 or the second stem 154.
The branches 156 may be extended, for example, in different
directions in each of the domains. The branches 156 form,
for example, a micro slit structure.
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Referring again to FIG. 8, the branches 156 extend, for
example, in a third direction D3 from the first stem 152 or
the second stem 154. The third direction D3 is, for example,
different from the first and second directions D1 and D2.

Each of the branches 156 includes, for example, a first
sub-branch 1564, a second sub-branch 1565 and a third
sub-branch 156¢. The first sub-branch 156a extends, for
example, in the third direction D3 from the first stem 152 or
the second stem 154. The second sub-branch 1565 extends,
for example, in the third direction D3 from the first stem 152
or the second stem 154. The third sub-branch 156¢ extends,
for example, in the third direction D3 from the first stem 152
or the second stem 154. The first sub-branch 156a, the
second sub-branch 1565 and the third sub-branch 156¢ are
connected to each other at a boundary of the first pixel
electrode 150. Thus, an opening is formed between the first
sub-branch 156a and the second sub-branch 1564. In addi-
tion, another opening is formed between the second sub-
branch 1565 and the third sub-branch 156c. A side of each
of'the openings which is adjacent to the boundary of the first
pixel electrode 150 makes, for example, a first angle (e.g.,
refers o of FIG. 6) with a line extending along the boundary.

Each of the first to third sub-branches 156a, 1565 and
156¢ is spaced apart from adjacent first, second or third
second sub-branch 156a, 1565 or 156¢ by a first space S1.
The first to third sub-branches 156a, 1565 and 156¢ have a
first width W1. Thus, the first to third sub-branches 1564,
1565 and 156¢ have, for example, a first pitch P1 (P1=W1+
S1). (e.g., refers to a fourth direction D4 perpendicular to the
third direction D3.)

The second pixel electrode (e.g., refers to 160 of FIG. 1)
is, for example, substantially the same as the first pixel
electrode 150, except that the first to third sub-branches
156a, 1565 and 156¢ have a second pitch, a second width,
and a second space. Thus, any further detailed descriptions
concerning the same elements will be omitted.

The third pixel electrode (e.g., refers to 170 of FIG. 1) is,
for example, substantially the same as the first pixel elec-
trode 150, except that the first to third sub-branches 156a,
1565 and 156¢ have a third pitch, a third width, and a third
space. Thus, any further detailed descriptions concerning the
same elements will be omitted.

The first pitch P1 of the first to third sub-branches 156a,
1566 and 156¢ of the first pixel electrode 150 may be, for
example, substantially the same as the second pitch of the
first to third sub-branches of the second pixel electrode 160.
In addition, the second pitch of the first to third sub-branches
of the second pixel electrode 160 may be, for example,
substantially the same as the third pitch of the first to third
sub-branches of the third pixel electrode 170.

The first width W1 of the first to third sub-branches 156a,
1566 and 156¢ of the first pixel electrode 150 may be, for
example, substantially the same as the second width of the
first to third sub-branches of the second pixel electrode 160.
In addition, the first width W1 of the first to third sub-
branches 1564, 1565 and 156¢ of the first pixel electrode 150
may be, for example, smaller than the third width of the first
to third sub-branches of the third pixel electrode 170.

The first space S1 of the first to third sub-branches 156a,
1566 and 156¢ of the first pixel electrode 150 may be, for
example, larger than the second space of the first to third
sub-branches of the second pixel electrode 160. In addition,
the first space S1 of the first to third sub-branches 156a,
1566 and 156¢ of the first pixel electrode 150 may be, for
example, larger than the third space of the first to third
sub-branches of the third pixel electrode 170.
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FIG. 9 is a partial enlarged view illustrating a first pixel
electrode of a display panel according to an exemplary
embodiment of the invention.

Referring to FIG. 9, the first pixel electrode 150 is, for
example, substantially the same as the first pixel electrode of
FIG. 7, except that a branch 156 includes first to fourth
sub-branches 1564, 1565, 156¢ and 1564. Thus, any further
detailed descriptions concerning the same elements will be
omitted.

The first pixel electrode 150 includes, for example, a first
stem 152, a second stem 154, and a plurality of branches 156
extending from the first stem 152 or the second stem 154.

The first stem 152 extends, for example, in a first direction
D1. The second stem 154 extends, for example, in a second
direction D2 which is substantially perpendicular to the first
direction D1, and crosses the first stem 152. The first stem
152 and the second stem 154 may, for example, pass the
center of the first pixel electrode 150, so that the first stem
152 and the second stem 154 divide the first pixel electrode
150 into four domains which have the same area as each
other. Each of the domains has, for example, a plurality of
branches 156 extending from the first stem 152 or the second
stem 154. The branches 156 may be extended, for example,
in different directions in each of the domains. The branches
156 form, for example, a micro slit structure.

Referring again to FIG. 9, the branches 156 extend, for
example, in a third direction D3 from the first stem 152 or
the second stem 154. The third direction D3 is, for example,
different form the first and second directions D1 and D2.

Each of the branches 156 includes, for example, a first
sub-branch 1564, a second sub-branch 15656, a third sub-
branch 156¢ and a fourth sub-branch 156d. The first sub-
branch 1564 extends, for example, in the third direction D3
from the first stem 152 or the second stem 154. The second
sub-branch 1565 extends, for example, in the third direction
D3 from the first stem 152 or the second stem 154. The third
sub-branch 156¢ extends, for example, in the third direction
D3 from the first stem 152 or the second stem 154. The
fourth sub-branch 1564 extends in the third direction D3
from the first stem 152 or the second stem 154. The first
sub-branch 1564, the second sub-branch 1564, the third
sub-branch 156¢ and the fourth sub-branch 1564 are con-
nected to each other at a boundary of the first pixel electrode
150. Thus, an opening is formed between the first sub-
branch 156a and the second sub-branch 15654. In addition,
another opening is formed between the second sub-branch
1565 and the third sub-branch 156¢. In addition, still another
opening is formed between the third sub-branch 156¢ and
the fourth sub-branch 156d. A side of each of the openings
which is adjacent to the boundary of the first pixel electrode
150 makes, for example, a first angle (e.g., refers o of FIG.
6) with a line extending along the boundary.

Each of the first to fourth sub-branches 156a, 1565, 156¢
and 1564 is spaced apart from adjacent first, second, third or
fourth second sub-branch 156a, 1565, 156¢, 1564 by a first
space S1. The first to fourth sub-branches 156a. 1565, 156¢
and 1564 have a first width W1. Thus, the first to fourth
sub-branches 156a, 1565, 156¢ and 1564 have, for example,
a first pitch P1 (P1=W1+81). (e.g., refers to a fourth direc-
tion D4 perpendicular to the third direction D3.)

The second pixel electrode (e.g., refers to 160 of FIG. 1)
is, for example, substantially the same as the first pixel
electrode 150, except that the first to fourth sub-branches
156a, 1565, 156¢ and 1564 have a second pitch, a second
width, and a second space. Thus, any further detailed
descriptions concerning the same elements will be omitted.
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The third pixel electrode (e.g., refers to 170 of FIG. 1) is,
for example, substantially the same as the first pixel elec-
trode 150, except that the first to fourth sub-branches 156a,
156b, 156¢ and 1564 have a third pitch, a third width, and
a third space. Thus, any further detailed descriptions con-
cerning the same elements will be omitted.

The first pitch P1 of the first to fourth sub-branches 156a,
156b, 156¢ and 156d of the first pixel electrode 150 may be,
for example, substantially the same as the second pitch of
the first to fourth sub-branches of the second pixel electrode
160. In addition, the second pitch of the first to fourth
sub-branches of the second pixel electrode 160 may be, for
example, substantially the same as the third pitch of the first
to fourth sub-branches of the third pixel electrode 170.

The first width W1 of the first to fourth sub-branches
156a, 1565, 156¢ and 1564 of the first pixel electrode 150
may be, for example, substantially the same as the second
width of the first to fourth sub-branches of the second pixel
electrode 160. In addition, the first width W1 of the first to
fourth sub-branches 156a, 1565, 156¢ and 1564 of the first
pixel electrode 150 may be, for example, smaller than the
third width of the first to fourth sub-branches of the third
pixel electrode 170.

The first space S1 of the first to fourth sub-branches 1564,
156b, 156¢ and 156d of the first pixel electrode 150 may be,
for example, larger than the second space of the first to
fourth sub-branches of the second pixel electrode 160. In
addition, the first space S1 of the first to fourth sub-branches
156a, 1565, 156¢ and 1564 of the first pixel electrode 150
may be, for example, larger than the third space of the first
to fourth sub-branches of the third pixel electrode 170.

FIG. 10 is a plan view illustrating a display panel accord-
ing to an exemplary embodiment of the invention.

Referring to FIG. 10, a display panel includes, for
example, a gate line GL, a first high data line DLh1, a first
low data line DLI1, a second high data line DLh2, a second
low data line DL12, a third high data line DLh3, a third low
data line DLI3, a first high switching element SWh1, a first
low switching element SWI1, a second high switching
element SWh2, a second low switching element SWI12, a
third high switching element SWh3, a third low switching
element SWI13, a first high pixel electrode 1504, a first low
pixel electrode 150/, a second high pixel electrode 1604, a
second low pixel electrode 160/, a third high pixel electrode
1704, a third low pixel electrode 170/ and a shielding
electrode SDE.

The gate line GL extends, for example, in a first direction
D1. The gate line GL is electrically connected to the first
high switching element SWhi, the first low switching ele-
ment SWI11, the second high switching element SWh2, the
second low switching element SW12, the third high switch-
ing element SWh3 and the third low switching element
SWI13. A gate signal is applied to the gate line GL.

The first high data line DLh1 extends, for example, in a
second direction D2 which is substantially perpendicular to
the first direction D1. The first high data line DLh1 crosses
the gate line GL. The first high data line DLh1 is electrically
connected to the first high switching element SWhi.

The first low data line DLI1 extends, for example, in the
second direction D2, and is spaced apart from the first high
data line DLh1. The first low data line DLI1 crosses the gate
line GL. The first low data line DLI1 is electrically con-
nected to the first low switching element SWI11.

The second high data line DLh2 is adjacent to the first low
data line DLI1, and extends, for example, in the second
direction D2. The second high data line DLh2 crosses the
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gate line GL. The second high data line DLh2 is electrically
connected to the second high switching element SWh2.

The second low data line DLI2 extends, for example, in
the second direction D2, and is spaced apart from the second
high data line DLh2. The second low data line DLI12 crosses
the gate line GL. The second low data line DLI2 is electri-
cally connected to the second low switching element SW12.

The third high data line DLh3 extends, for example, in the
second direction D2, and is spaced apart from the first high
data line DLh1. The third high data line DLh3 crosses the
gate line GL. The third high data line DLh3 is, for example,
disposed opposite to the second high data line DLh2 with
reference to the first high data line DLh1.

The third low data line DLI13 is adjacent to the first high
data line DLh1, and extends, for example, in the second
direction D2. The third low data line DLI3 crosses the gate
line GL. The third low data line DLI3 is electrically con-
nected to the third low switching element SWI3.

The first high pixel electrode 1507 is disposed adjacent to
the gate line GL, and between the first high data line DLh1
and the first low data line DLI1. The first high pixel electrode
150/ is electrically connected to the first high switching
element SWh1. The first high pixel electrode 150/ includes,
for example, a plurality of branches forming a micro-slit
pattern.

The first low pixel electrode 150/ is disposed opposite to
the first high pixel electrode 150/ with reference to the gate
line GL, and between the first high data line DLh1 and the
first low data line DLI11. The first low pixel electrode 150/ is
electrically connected to the first low switching element
SWI1. The first low pixel electrode 150/ includes, for
example, a plurality of branches forming a micro-slit pat-
tern.

The second high pixel electrode 160/ is disposed adjacent
to the gate line GL, and between the second high data line
DLh2 and the second low data line DLI2. The second high
pixel electrode 1607 is electrically connected to the second
high switching element SWh2. The second high pixel elec-
trode 160/ includes, for example, a plurality of branches
forming a micro-slit pattern.

The second low pixel electrode 160/ is disposed opposite
to the second high pixel electrode 160/ with reference to the
gate line GL, and between the second high data line DLh2
and the second low data line DLI2. The second low pixel
electrode 160/ is electrically connected to the second low
switching element SWI12. The second low pixel electrode
160/ includes, for example, a plurality of branches forming
a micro-slit pattern.

The third high pixel electrode 170% is disposed adjacent
to the gate line GL, and between the third high data line
DLh3 and the third low data line DL13. The third high pixel
electrode 170% is electrically connected to the third high
switching element SWh3. The third high pixel electrode
170/ includes, for example, a plurality of branches forming
a micro-slit pattern.

The third low pixel electrode 170/ is disposed opposite to
the third high pixel electrode 170/ with reference to the gate
line GL, and between the third high data line DLh3 and the
third low data line DLI13. The third low pixel electrode 170/
is electrically connected to the third low switching element
SWI13. The third low pixel electrode 170/ includes, for
example, a plurality of branches forming a micro-slit pat-
tern.

The shielding electrode SDE extends, for example, in the
second direction D2, and overlaps the first to third high data
lines and the first to third low data lines DLh1 DLI1, DLh2,
DLI12, DLh3 and DLI3. A shielding voltage is applied to the
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shielding electrode SDE. For example, a common voltage
which is applied to a common electrode (e.g., refers to 220
of FIG. 11) may be applied to the shielding electrode SDE.

FIG. 11 is a cross-sectional view taken along a line ITI-IIT'
of FIG. 10. FIG. 12 is a cross-sectional view taken along a
line IV-IV' of FIG. 10.

Referring to FIGS. 11 and 12, a display panel includes, for
example, a first substrate, a second substrate facing the first
substrate, and a liquid crystal layer 3 disposed between the
first and second substrate.

The first substrate includes, for example, a first base
substrate 100, a gate pattern, a first insulation layer 110, a
channel layer, a data pattern, a first color filter 122, a second
color filter 124, a third color filter 126, a second insulation
layer 130, a first high pixel electrode 1504, a first low pixel
electrode 150/, a second high pixel electrode 160/, a second
low pixel electrode 160/, a third high pixel electrode 170/,
a third low pixel electrode 170/, a shielding electrode SDE
and a black matrix BM.

The first base substrate 100 may include, for example, a
material which has relatively high transmittance, thermal
resistance, and chemical resistance. For example, the first
base substrate 100 may include any one selected from the
group consisting of glass, quartz, or plastic. Further, in an
embodiment, the first base substrate 100 may be, for
example, a flexible substrate. Suitable materials for the
flexible substrate include, for example, polyethylenenaph-
thalate, polyethylene terephthalate, polyacryl, polyimide,
polyethersulfone, polyvinyl chloride, and a mixture thereof.

The gate pattern is disposed on the first base substrate
100. The gate pattern includes, for example, a gate line (e.g.,
refers to GL of FIG. 1), a first gate electrode, a second gate
electrode and a third gate electrode.

The first insulation layer 110 is disposed on the first base
substrate 100 on which the gate pattern is disposed. The first
insulation layer 110 covers and insulates the gate line, the
first gate electrode GE1, the second gate electrode and the
third gate electrode.

The channel layer is disposed on the first insulation layer
110. The channel layer includes, for example, a first channel
portion, a second channel portion and a third channel
portion. The first channel portion, for example, overlaps the
first gate electrode. The second channel portion, for
example, overlaps the second gate electrode. The third
channel portion, for example, overlaps the third gate elec-
trode.

The data pattern is disposed on the channel layer. The data
pattern includes, for example, a first drain electrode, a first
source electrode, a second drain electrode, a second source
electrode, a third drain electrode, a third source electrode, a
first high data line DLh1, a first low data line DLI1, a second
high data line DLh2, a second low data line DLI2, a third
high data line DLh3 and a third low data line DLI3.

The first gate electrode, the first drain electrode, the first
source electrode and the first channel portion compose a first
switching element (e.g., refers to SW1 of FIG. 10). The
second gate electrode, the second drain electrode, the second
source electrode and the second channel portion compose a
second switching element (e.g., refers to SW2 of FIG. 10).
The third gate electrode, the third drain electrode, the third
source electrode and the third channel portion compose a
third switching element (e.g., refers to SW3 of FIG. 10).

The first color filter 122 is disposed on the first insulation
layer 110, and between the third low data line DLI1 and the
second high data line DLh2. The first color filter 122
supplies colors to the light passing through the liquid crystal
layer 3. The first color filter 122 may have a first color. For
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example, the first color filter 122 may be a red color filter
which passes a red light. The first color filter 122 has a first
thickness.

The second color filter 124 is disposed on the first
insulation layer 110 on which the first color filter 122 is
disposed, and between the first low data line DLI1 and a
third high data line of an adjacent pixel in a first direction
(e.g., refers to D1 of FIG. 10). The second color filter 124
supplies colors to the light passing through the liquid crystal
layer 3. The second color filter 124 may have a second color.
For example, the second color filter 124 may be a green
color filter which passes a green light. The second color filter
124 has a second thickness.

A boundary of the first color filter 122 and a boundary of
the second color filter 124, for example, overlap each other
between on the first low data line DLI1 and the second high
data line DLh2. Thus, the first color filter 122 covers the first
low data line DLI1. The second color filter 124 disposed on
the first low data line DLI1, so that the second color filter
124, for example, partially overlaps the first color filter 122.

The third color filter 126 is disposed on the first insulation
layer 110 on which the first and second color filters 122 and
124 are disposed, and between the first high data line DLh1
and a second low data line DLI2 of an adjacent pixel in the
first direction. The third color filter 126 supplies colors to the
light passing through the liquid crystal layer 3. The third
color filter 126 may have a third color. For example, the third
color filter 126 may be a blue color filter which passes a blue
light. The third color filter 126 has a third thickness.

A boundary of the third color filter 126 and a boundary of
the first color filter 122, for example, overlap each other
between on the third low data line DLI3 and the first high
data line DLh1. Thus, the first color filter 122 covers the first
high data line DLh1. The third color filter 126 is disposed on
the first high data line DLh1, so that the third color filter 126,
for example, partially overlaps the first color filter 122.

The first thickness, the second thickness, and the third
thickness may be same each other or different from each
other according to a manufacturing process of the color
filters. For example, the first thickness may be smaller than
the second and third thickness.

The second insulation layer 130 is disposed on the first to
third color filters 122, 124 and 126. The second insulation
layer 130 flattens, protects and insulates the first to third
color filters 122, 124 and 126.

The first high pixel electrode 150/ is disposed on the
second insulation layer 130, and is electrically connected to
the first high switching element SWh1. The first high pixel
electrode 150/ may include, for example, a transparent
conductive material, such as indium tin oxide (ITO), indium
zinc oxide (IZO), aluminum doped zinc oxide (AZO),
cadmium zinc oxide (CZO) or amorphous indium tin oxide
(a-ITO). The first high pixel electrode 150/ includes, for
example, first and second stems, and branches (e.g., refers to
FIG. 4). The branches of the first high pixel electrode 150/
form, for example, a micro slit structure. The branch of the
first high pixel electrode 150/ is spaced apart from an
adjacent branch by a first space S1, and has a first width W1.
Thus, the branches have, for example, a first pitch Pl
(P1=W1+S1).

The first low pixel electrode 150/ is disposed on the
second insulation layer 130, and is electrically connected to
the first low switching element SWI11. The first low pixel
electrode 150/ may include, for example, a transparent
conductive material, such as indium tin oxide (ITO), indium
zinc oxide (IZO), aluminum doped zinc oxide (AZO),
cadmium zinc oxide (CZO) or amorphous indium tin oxide
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(a-ITO). The first low pixel electrode 150/ includes, for
example, first and second stems, and branches (e.g., refers to
FIG. 4). The branches of the first low pixel electrode 150/
form, for example, a micro slit structure. The branch of the
first low pixel electrode 150/ is spaced apart from an
adjacent branch by a first space S1, and has a first width W1.
Thus, the branches have, for example, a first pitch P1
(P1=W1+S1).

The second high pixel electrode 160/ is disposed on the
second insulation layer 130, and is electrically connected to
the second high switching element SWh2. The second high
pixel electrode 160/ may include, for example, a transparent
conductive material, such as indium tin oxide (ITO), indium
zinc oxide (IZO), aluminum doped zinc oxide (AZO),
cadmium zinc oxide (CZO) or amorphous indium tin oxide
(a-ITO). The second high pixel electrode 160/ includes, for
example, first and second stems, and branches (refers to FIG.
5). The branches of the second high pixel electrode 160/
form, for example, a micro slit structure. The branch of the
second high pixel electrode 160/ is spaced apart from an
adjacent branch by a second space S2, and has a second
width W2. Thus, the branches have, for example, a second
pitch P2 (P2=W2+82).

The second low pixel electrode 160/ is disposed on the
second insulation layer 130, and is electrically connected to
the second low switching element SW12. The second low
pixel electrode 160/ may include, for example, a transparent
conductive material, such as indium tin oxide (ITO), indium
zinc oxide (IZO), aluminum doped zinc oxide (AZO),
cadmium zinc oxide (CZO) or amorphous indium tin oxide
(a-ITO). The second low pixel electrode 160/ includes, for
example, first and second stems, and branches (refers to FIG.
5). The branches of the second low pixel electrode 160/
form, for example, a micro slit structure. The branch of the
second low pixel electrode 160/ is spaced apart from an
adjacent branch by a second space S2, and has a second
width W2. Thus, the branches have, for example, a second
pitch P2 (P2=W2+82).

The third high pixel electrode 170/ is disposed on the
second insulation layer 130, and electrically connected to
the third high switching electrode SWh3. The third high
pixel electrode 170/ may include, for example, a transparent
conductive material, such as indium tin oxide (ITO), indium
zinc oxide (IZO), aluminum doped zinc oxide (AZO),
cadmium zinc oxide (CZO) or amorphous indium tin oxide
(a-ITO). The third high pixel electrode 170/ includes, for
example, first and second stems, and branches (e.g., refers to
FIG. 5). The branches of the third high pixel electrode 170/
form, for example, a micro slit structure. The branch of the
third high pixel electrode 1704 is spaced apart from an
adjacent branch by a third space S3, and has a third width
W3. Thus, the branches have, for example, a third pitch P3
(P3=W3+83).

The third low pixel electrode 170/ is disposed on the
second insulation layer 130, and electrically connected to
the third low switching electrode SW13. The third low pixel
electrode 170/ may include, for example, a transparent
conductive material, such as indium tin oxide (ITO), indium
zinc oxide (IZO), aluminum doped zinc oxide (AZO),
cadmium zinc oxide (CZO) or amorphous indium tin oxide
(a-ITO). The third low pixel electrode 170/ includes, for
example, first and second stems, and branches (e.g., refers to
FIG. 5). The branches of the third low pixel electrode 170/
form, for example, a micro slit structure. The branch of the
third low pixel electrode 170/ is spaced apart from an
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adjacent branch by a third space S3, and has a third width
W3. Thus, the branches have, for example, a third pitch P3
(P3=W3+8S3).

The black matrix BM is disposed on, for example, the
second insulation layer 130 on which the first to third high
and low pixel electrodes are disposed. The black matrix BM
includes a light blocking martial. The black matrix BM may
be disposed in, for example, a peripheral area adjacent to a
display area on which an image is disposed. Thus, the black
matrix BM may, for example, overlap the first to third high
and low switching elements SWh1, SWI1, SWh2, SW12,
SWh3 and SWI13, the gate line GL, and the first to third high
and low data lines DLh1, DLh2, DLh3, DLI1, DLI2 and
DLI3.

The second substrate includes, for example, a second base
substrate 200 and a common electrode 220.

The second base substrate 200 may include, for example,
a material which has relatively high transmittance, thermal
resistance, and chemical resistance. For example, the second
base substrate 200 may include any one selected from the
group consisting of glass, quartz, or plastic. Further, in an
embodiment, the second base substrate 200 may be, for
example, a flexible substrate. Suitable materials for the
flexible substrate include, for example, polyethylenenaph-
thalate, polyethylene terephthalate, polyacryl, polyimide,
polyethersulfone, polyvinyl chloride, and a mixture thereof.

The common electrode 220 is disposed on the second base
substrate 200. The common electrode 220 may include, for
example, a transparent conductive material, such as indium
tin oxide (ITO), indium zinc oxide (IZO), aluminum doped
zinc oxide (AZO), cadmium zinc oxide (CZO) or amor-
phous indium tin oxide (a-ITO).

The liquid crystal layer 3 is disposed between the first
substrate and the second substrate. The liquid crystal layer 3
includes liquid crystal molecules having optical anisotropy.
The liquid crystal molecules are driven by electric field, so
that an image is displayed by passing or blocking light
through the liquid crystal layer 3.

FIGS. 13A to 13H are cross-sectional views illustrating a
method of manufacturing the display panel of FIG. 1.

Referring to FIG. 13A, a metal layer is formed on a first
base substrate 100, and then the metal layer may be, for
example, partially etched by a photolithography process or
an etching process using an additional etching mask. Hence,
a gate pattern is formed.

The gate pattern includes, for example, a gate line (e.g.,
refers to GL of FIG. 1), a first gate electrode (e.g., refers to
GE1 of FIG. 2), a second gate electrode and a third gate
electrode.

A first insulation layer 110 is formed on the first base
substrate 100 on which the gate pattern is formed. The first
insulation layer 110 may be formed by, for example, a spin
coating process, a printing process, a sputtering process, a
CVD process, an ALD process, a PECVD process, an
HDP-CVD process or a vacuum evaporation process in
accordance with ingredients included in first insulation layer
110.

Referring to FIG. 13B, a semiconductor layer and a metal
layer are formed on the first insulation layer 110, and then
the semiconductor layer and the metal layer may be, for
example, partially etched by a photolithography process or
an etching process using an additional etching mask. Hence,
a channel layer CH including, for example, first to third
channel portions and a data pattern are formed. The semi-
conductor layer may include, for example, a silicon semi-
conductor layer consisting of amorphous silicon (a-Si:H)
and an ohmic contact layer consisting of n+ amorphous
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silicon (n+ a-Si:H). In addition, the semiconductor layer
may include, for example, an oxide semiconductor. The
oxide semiconductor may include, for example, an amor-
phous oxide including at least one selected from the group
consisting of indium (In), zinc (Zn), gallium (Ga), tin (Sn)
and hafnium (Hf).

The data pattern includes, for example, first to third drain
electrodes, first to third source electrodes and first to third
data lines DLL1, DL2 and DL3. For example, the semicon-
ductor layer and the metal layer are patterned at the same
time, and then a portion of the metal layer, which is
patterned, is removed. Hence, the first source electrode and
the first drain electrode spaced apart from the first source
electrode may be formed by, for example, removing a
portion of the patterned metal layer. In addition, the second
source electrode and the second drain electrode spaced apart
from the second source electrode may be formed by, for
example, removing a portion of the patterned metal layer. In
addition, the third source electrode and the third drain
electrode spaced apart from the third source electrode may
be formed by, for example, removing a portion of the
patterned metal layer.

The first drain electrode, the first source electrode, the first
channel portion and the first gate electrode form a first
switching element (e.g., refers to SW1 of FIG. 1).

The second drain electrode, the second source electrode,
the second channel portion and the second gate electrode
form a second switching element (e.g., refers to SW2 of FIG.
1).

The third drain electrode, the third source electrode, the
third channel portion and the third gate electrode form a
third switching element (e.g., refers to SW3 of FIG. 1).

Referring to FIG. 13C, a first color filter 122 is formed on
the first insulation layer 110 on which the data pattern is
formed. The first color filter 122 includes a first color. For
example, the first color filter 122 may be a red color filter
which passes a red light. The first color filter 122 has a first
thickness t1.

Referring to FIG. 13D, a second color filter 124 is formed
on the first insulation layer 110 on which the first color filter
122 is formed. The second color filter 124 may have a
second color. For example, the second color filter 124 may
be a green color filter which passes a green light. The second
color filter 124 has a second thickness t2. The first color filter
122 and the second color filter 124 may, for example, be
overlapped with each other.

Referring to FIG. 13E, a third color filter 126 is formed on
the first insulation layer 110 on which the first and second
color filters 122 and 124 are formed. The third color filter
126 may have a third color. For example, the third color filter
126 may be a blue color filter which passes a blue light. The
third color filter 126 has a third thickness t3. The third color
filter 126 may, for example, partially overlap the first color
filter 122. In addition, the third color filter 126 may, for
example, partially overlap a second color filter 122 of an
adjacent pixel.

Referring to FIG. 13F, a second insulation layer 130 is
formed on the first to third color filters 122, 124 and 136.
The second insulation layer 130 flattens, protects and insu-
lates the first to third color filters 122, 124 and 126. A first
contact hole (e.g., refers to H1 of FIG. 1), a second contact
hole (e.g., refers to H2 of FIG. 1), and a third contact hole
(e.g., refers to H3 of FIG. 1) are formed through the second
insulation layer 130. The first contact hole exposes the first
drain electrode of the first switching element. The second
contact hole exposes the second drain electrode of the
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second switching element. The third contact hole exposes
the third drain electrode of the third switching element.

Referring to FIG. 13G, a transparent conductive layer is
formed on the second insulation layer 130, and then trans-
parent conductive layer may, for example, be partially
etched by a photolithography process or an etching process
using an additional etching mask. Hence, a first pixel
electrode 150, a second pixel electrode 160, a third pixel
electrode 170 and a shielding electrode SDE are formed. The
transparent conductive layer may include, for example, a
transparent conductive material, such as indium tin oxide
(ITO), indium zinc oxide (IZO), aluminum doped zinc oxide
(AZO), cadmium zinc oxide (CZO) or amorphous indium
tin oxide (a-ITO).

The first pixel electrode 150 is electrically connected to
the first drain electrode of the first switching element
through the first contact hole. The first pixel electrode 150
includes, for example, first and second stems and branches
(e.g., refers to FIG. 4). The branches of the first pixel
electrode 150 may form, for example, a micro slit structure.
The branch of the first pixel electrode 150 is spaced apart
from an adjacent branch by a first space S1, and has a first
width W1. Thus, the branches have, for example, a first pitch
P1 (P1=W1+S1).

The second pixel electrode 160 is electrically connected
to the second drain electrode of the second switching
element through the second contact hole. The second pixel
electrode 160 includes, for example, first and second stems
and branches (refers to FIG. 5). The branches of the second
pixel electrode 160 may form, for example, a micro slit
structure. The branch of the second pixel electrode 160 is
spaced apart from an adjacent branch by a second space S2,
and has a second width W2. Thus, the branches have, for
example, a second pitch P2 (P2=W2+S2).

The third pixel electrode 170 is electrically connected to
the third drain electrode of the third switching element
through the third contact hole. The third pixel electrode 170
includes, for example, first and second stems and branches
(e.g., refers to FIG. 5). The branches of third pixel electrode
170 may form, for example, a micro slit structure. The
branch of third pixel electrode 170 is spaced apart from an
adjacent branch by a third space S3, and has a third width
W3. Thus, the branches have, for example, a third pitch P3
(P3=W3+83).

Referring to FIG. 13H, a black matrix BM is formed on,
for example, a second substrate 200. The black matrix BM
includes a light blocking material. The black matrix BM
may be disposed, for example, in a peripheral area adjacent
to a display area on which an image is disposed.

An over-coating layer 210 is formed on the second base
substrate 200 on which the black matrix BM is formed. The
over-coating layer 210 protects the black matrix BM. The
over-coating layer 210 may include, for example, an acrylic-
epoxy material.

A common electrode 220 may be disposed on the over-
coating layer 210. The common electrode 220 may include,
for example, a transparent conductive material, such as
indium tin oxide (ITO), indium zinc oxide (IZO), aluminum
doped zinc oxide (AZO), cadmium zinc oxide (CZO) or
amorphous indium tin oxide (a-1TO).

The first base substrate 100, the gate pattern, the first
insulation layer 110, the channel layer CH, the data pattern,
the first to third color filters 122, 124 and 126, the second
insulation layer 130, the first to third pixel electrodes 150,
160 and 170 compose a first substrate. The second base
substrate 200, the black matrix BM, the over-coating layer
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210 and the common electrode 220 compose a second
substrate facing the first substrate.

A liquid crystal layer 3 is formed between the first
substrate and the second substrate. The liquid crystal layer 3
includes liquid crystal molecules having optical anisotropy.

According to exemplary embodiments of the present
invention, a display panel includes a first pixel electrode
including branches having a first width, a second pixel
electrode including branches having a second width, and a
third pixel electrode including branches having a third
width. The first width is smaller than the second or third
width, so that a texture formed at the boundary of the first
pixel electrode may be decreased. Thus, the display quality
of the display panel may be increased.

In addition, the display panel includes a first color filter
corresponding to the first pixel electrode, a second color
filter corresponding to the second pixel electrode and a third
color filter corresponding to the third pixel electrode. The
first width of the first pixel electrode is smaller than the
second width of the second electrode or the third width of
the third electrode, so that a texture formed at the boundary
of the first pixel electrode may be decreased. Thus, display
quality of the display panel may be increased.

In addition, a boundary shape of the first to third pixel
electrodes has an open or closed structure, so that a texture
at a display area of the display panel may be decreased.
Thus, the display quality of the display panel may be
increased.

In addition, the first to third pixel electrodes include a
sloped side having a first angle at a boundary of the pixel
electrode, so that a texture at a display area of the display
panel may be decreased. Thus, the display quality of the
display panel may be increased.

Having described exemplary embodiments of the present
invention, it is further noted that it is readily apparent to
those of ordinary skill in the art that various modifications
may be made without departing from the spirit and scope of
the invention which is defined by the metes and bounds of
the appended claims.

What is claimed is:

1. A display panel comprising:

a first data line;

a second data line spaced apart from the first data line;

a third data line spaced apart from the first data line;

a first switching electrode electrically connected to the
first data line;

a second switching electrode electrically connected to the
second data line;

a third switching electrode electrically connected to the
third data line;

a first pixel electrode electrically connected to the first
switching electrode, and comprising a plurality of first
branches forming micro slits;

a second pixel electrode electrically connected to the
second switching electrode, and comprising a plurality
of second branches forming micro slits; and

a third pixel electrode electrically connected to the third
switching electrode, and comprising a plurality of third
branches forming micro slits,

wherein the first branches are spaced apart from each
other by a first space, and have a first width,

wherein the second branches are spaced apart from each
other by a second space, and have a second width,

wherein the third branches are spaced apart from each
other by a third space, and have a third width,
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wherein at least one of the first width, the second width
and the third width is different from the other widths,
and

wherein the first width is smaller than the second width
and the third width.

2. The display panel of claim 1, wherein the second width

is substantially the same as the third width.

3. The display panel of claim 2, wherein a first pitch is
defined by a sum of the first space and the first width, a
second pitch is defined by a sum of the second space and the
second width, a third pitch is defined by a sum of the third
space and the third width, and wherein the first pitch, the
second pitch and the third pitch are substantially the same as
each other.

4. The display panel of claim 2, wherein the first pitch, the
second pitch and the third pitch are each about 6 microm-
eters (um), and wherein the first width is about 3.4 um, and
the second width and the third width are each about 3.5 um.

5. The display panel of claim 1, wherein the first pixel
electrode comprises a first stem extending in a first direction
and a second stem crossing the first stem and extending in
a second direction which is substantially perpendicular to
the first direction, wherein the first branches extend from the
first stem or the second stem in a third direction which is
different from the first and second directions, wherein the
second pixel electrode comprises a first stem extending in
the first direction and a second stem crossing the first stem
and extending in the second direction, wherein the second
branches extend from the first stem or the second stem in the
third direction, wherein the third pixel electrode comprises
a first stem extending in the first direction and a second stem
crossing the first stem and extending in the second direction,
and wherein the third branches extend from the first stem or
the second stem in the third direction.

6. The display panel of claim 5, wherein ends of an
adjacent pair of the first branches are connected with each
other at a boundary of the first pixel electrode such that the
ends of the adjacent pair of first branches form a closed
structure.

7. The display panel of claim 5, wherein ends of an
adjacent pair of the first branches at a boundary of the first
pixel electrode are spaced apart from each other such that the
ends of the adjacent pair of the first branches form an opened
structure.

8. The display panel of claim 6, wherein the first branches
of the closed structure adjacent to each other form an
opening, and wherein a side of opening which is adjacent to
the boundary of the first pixel electrode makes a first angle
with a line which extends along the boundary of the first
pixel electrode.

9. The display panel of claim 1, further comprising:

a first color filter overlapping with the first pixel electrode

and having a first color;

a second color filter overlapping with the second pixel
electrode and having a second color different from the
first color; and

a third color filter overlapping with the third pixel elec-
trode and having a third color different from the first
color and the second color.

10. The display panel of claim 9, wherein a boundary of
the second color filter overlaps with a first boundary of the
first color filter, wherein a boundary of the third color filter
overlaps with a second boundary of the first color filter, and
wherein the second boundary is disposed opposite to the first
boundary of the first color filter.

11. The display panel of claim 10, wherein the first color
of the first color filter is red.



US 9,437,625 B2

27

12. The display panel of claim 11, wherein the first color
filter has a first thickness, the second color filter has a second
thickness, and the third color filter has a third thickness, and
wherein the first thickness is smaller than the second thick-
ness and the third thickness.

13. The display panel of claim 1, wherein the first data line
comprises a first high data line and a first low data line, the
second data line comprises a second high data line and a
second low data line, the third data line comprises a third
high data line and a third low data line, wherein the first
switching element comprises a first high switching element
electrically connected to the first high data line and a first
low switching element electrically connected to the first low
data line, the second switching element comprises a second
high switching element electrically connected to the second
high data line and a second low switching element electri-
cally connected to the second low data line, the third
switching element comprises a third high switching element
electrically connected to the third high data line and a third
low switching element electrically connected to the third
low data line, wherein the first pixel electrode comprises a
first high pixel electrode electrically connected to the first
high switching element and a first low pixel electrode
electrically connected to the first low switching element,
wherein the second pixel electrode comprises a second high
pixel electrode electrically connected to the second high
switching element and a second low pixel electrode electri-
cally connected to the second low switching element, and
wherein the third pixel electrode comprises a third high pixel
electrode electrically connected to the third high switching
element and a third low pixel electrode electrically con-
nected to the third low switching element.

14. The display panel of claim 1, further comprises a
shielding electrode disposed between the first pixel elec-
trode, the second pixel electrode and the third pixel elec-
trode, wherein the shielding electrode overlaps with the first
data line, the second data line and the third data line.

15. A method of manufacturing a display panel compris-
ing:

forming a first switching element, a second switching

element and a third switching element on a base
substrate; and
forming a first pixel electrode, a second pixel electrode,
and a third pixel electrode which are respectively
connected to the first switching element, the second
switching element and the third switching element on
the base substrate on which the first switching element,
the second switching element, and the third switching
element are formed,
wherein the first pixel electrode comprises a plurality of
first branches having a first width, the first branches are
spaced apart from each other by a first space,

wherein the second pixel electrode comprises a plurality
of second branches having a second width, the second
branches are spaced apart from each other by a second
space,
wherein the third pixel electrode comprises a plurality of
third branches having a third width, the third branches
are spaced apart from each other by a third space, and

wherein the first width is smaller than the second width
and the third width.

16. The method of claim 15, wherein ends of an adjacent
pair of the first branches are connected with each other at a
boundary of the first pixel electrode such that the ends of the
adjacent pair of the first branches form a closed structure.

17. The method of claim 15, wherein ends of an adjacent
pair of the first branches at a boundary of the first pixel
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electrode are spaced apart from each other such that the ends
of the adjacent pair of the first branches form an opened
structure.

18. The method of claim 15, wherein before the forming
of'the first pixel electrode, the second pixel electrode and the
third pixel electrode, the method further comprising:

forming a first color filter corresponding to the first pixel
electrode on the base substrate on which the first pixel
electrode, the second pixel electrode, and the third pixel
electrode are formed, the first color filter having a first
color;

forming a second color filter corresponding to the second
pixel electrode on the base substrate on which the first
color filter is formed, the second color filter having a
second color; and

forming a third color filter corresponding to the third pixel
electrode on the base substrate on which the first color
filter and the second color filter are formed, the third
color filter having a second color.

19. The method of claim 18, wherein a boundary of the
second color filter overlaps with a first boundary of the first
color filter, wherein a boundary of the third color filter
overlaps with a second boundary of the first color filter, and
wherein the second boundary is disposed opposite to the first
boundary of the first color filter.

20. The method of claim 19, wherein the first color filter
has a first thickness, the second color filter has a second
thickness, and the third color filter has a third thickness, and
wherein the first thickness is smaller than the second thick-
ness and the third thickness.

21. A display panel comprising:

a first data line;

a second data line spaced apart from the first data line;

a third data line spaced apart from the first data line; a first
switching electrode electrically connected to the first
data line;

a second switching electrode electrically connected to the
second data line;

a third switching electrode electrically connected to the
third data line;

a first pixel electrode electrically connected to the first
switching electrode, and comprising a plurality of first
branches forming micro slits, wherein the first branches
include a first sub-branch and a second sub-branch
connected to each other at a boundary of the first pixel
electrode such that a first opening is defined between
the first sub-branch and the second sub-branch and
wherein a side of the first opening which is adjacent to
the boundary of the first pixel electrode makes a first
angle with a line extending along the boundary of the
first pixel electrode, wherein the first sub-branches and
the second sub-branches of the first branches of the first
pixel electrode are spaced apart from adjacent first and
second sub-branches of the first pixel electrode by a
first space, and have a first width;

a second pixel electrode electrically connected to the
second switching electrode, and comprising a plurality
of second branches forming micro slits, wherein the
second branches include a first sub-branch and a second
sub-branch connected to each other at a boundary of the
second pixel electrode such that a second opening is
defined between the first sub-branch and the second
sub-branch and wherein a side of the second opening
which is adjacent to the boundary of the second pixel
electrode makes a second angle with a line extending
along the boundary of the second pixel electrode,
wherein the first sub-branches and the second sub-
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branches of the second branches of the second pixel
electrode are spaced apart from adjacent first and
second sub-branches of the second pixel electrode by a
second space, and have a second width; and

a third pixel electrode electrically connected to the third
switching electrode, and comprising a plurality of third
branches forming micro slits, wherein the third
branches include a first sub-branch and a second sub-
branch connected to each other at a boundary of the
third pixel electrode such that a third opening is defined
between the first sub-branch and the second sub-branch
and wherein a side of the third opening which is
adjacent to the boundary of the third pixel electrode
makes a third angle with a line extending along the
boundary of the third pixel electrode, wherein the first
sub-branches and the second sub-branches of the third
branches of the third pixel electrode are spaced apart
from adjacent first and second sub-branches of the third
pixel electrode by a third space, and have a third width,

wherein at least one of the first width, the second width
and the third width is different from the other widths,
and

wherein the first width is smaller than the second width
and the third width.
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22. The display panel of claim 21, wherein the first
branches of the first pixel electrode further include a third-
sub branch, wherein the first sub-branch, the second sub-
branch and the third sub-branch of the first pixel electrode
are connected to each other at the boundary of the first pixel
electrode, such that the first opening is defined between the
first and second sub-branches of the first pixel electrode and
a fourth opening is defined between the second sub-branch
and the third sub-branch of the first pixel electrode.

23. The display panel of claim 22, wherein the first
branches of the first pixel electrode further include a fourth-
sub branch, wherein the first sub-branch, the second sub-
branch, the third sub-branch and the fourth sub-branch of the
first pixel electrode are connected to each other at the
boundary of the first pixel electrode, such that the first
opening is defined between the first and second sub-
branches of the first pixel electrode, the fourth opening is
defined between the second sub-branch and the third sub-
branch of the first pixel electrode and a fifth opening is
defined between the third sub-branch and the fourth sub-
branch of the first pixel electrode.
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